A murine monoclonal antibody (MAb 6G7), isotype IgG2a, produced against tachyzoites of Neospora caninum (isolate NC-l) reacted specifically with tachyzoites of N. caninum in an indirect immunofluorescent antibody test. MAb 6G7 did not react with tachyzoites of Toxoplasma gondii, sporozoites of Isospora suis, Eimeria bovis, or E. tenella, or merozoites of E. bovis in the indirect immunofluorescent antibody test. MAb 6G7 reacted positively with both tachyzoites and bradyzoites of N. caninum in an avidin-biotin peroxidase complex immunohistochemical test on formalin-fixed paraffin-embedded tissues. No reaction was observed with the following: tachyzoites and bradyzoites of T. gondii, T. gondii-like parasites, or Hammondia hammondi; bradyzoites of Frenkelia microti; schizonts and merozoites of Sarcocystis-like organisms; schizonts, sarcocysts, and oocysts/sporocysts of S. cruzi; schizonts and merozoites of S. canis; schizonts of S. hirsuta, S. tenella, and S. capracanis; merozoites of S. neurona and S. neurona-like organisms, E. bovis, or Haemoproteus sp.; bradyzoites and merozoites of S. montanaensis; bradyzoites of S. odocoileocanis, S. cruzi, and S. tenella; meronts, sexual stages, and caryocysts of Caryospora sp. and C. bigenetica; micromerozoites, macromerozoites, and schizonts of Hepatozoon canis; sporozoites, sexual stages, and oocysts of Cryptosporidium parvum and C. baileyi; trophozoites of Monocystis Zumbrici, Tritrichomonas foetus, and Balantidium coli; tissue cysts and bradyzoites of Besnoitia sp. and B. jellisoni; amastigotes of Leishmania sp.; and trophic theronts of Ichthyopthirius multifilis. MAb 6G7 reacted with tachyzoites and bradyzoites of N. caninum in natural and experimental infections in dogs, cattle, mice, rats, sheep, and goats, indicating that host origin of the tissues did not affect the performance of the test.
Neospora caninum is a pathogenic protozoan pable of inducing neuromuscular disease in . This test should facilitate the identification of N. caninum in formalin-fixed paraffin-emdogs following natural and experimental infec-bedded tissue sections. tions, 10, 11, 22, 26, 29, 61 In addition, N. caninum or a closely related protozoa is a major cause of abortion in cattle. 1-3 Rats, 55 mice, 54 cats, 33, 34, 39 and cattle 38 have been experimentally infected with N. caninum. Congenital transmission is the only known natural route of infection and has been documented in natural and experimental infections in dogs, 2,26,31,35,37 cats, 34 sheep, 25,36 cattle l-3,18,32,38,40 horses, 42 and goats. 4, 20 Although cases have been reported from North America , 10, 19, 26 Europe, 19, 29 Scandinavia, 7, 65, 69 Japan, 70 Australia, 61 and Africa 51 the definitive host(s) and source(s) of infection in nature remain unknown. Until recently, N. caninum was misidentified as Toxoplasma gondii. 19 The structural differences between these 2 organisms are not always easily discernible. We herein demonstrate an immunohistochemical test using a murine monoclonal antibody (MAb) produced against tachyzoites of N. caninum
Materials and methods
Parasites. Tachyzoites of N. caninum were harvested from human foreskin fibroblast cells a (HS68) grown in RPMI-1640 b medium supplemented with 2% fetal bovine serum (FBS), 1 x 10 4 µg/ml streptomycin , b 1 x 10 4 U/ml penicillin b 1.0 mM sodium pyruvate, b and 5 x 10 -2 mM 2-mercaptoethanolc as previously described. 52 Tachyzoites of T. gondii (RH isolate) were harvested in the same manner as tachyzoites of N. caninum. Oocysts of Isospora suis, Eimeria bovis, and E. tenella were collected from the feces of experimentally infected pigs, calves, and chickens, respectively. Oocysts were sporulated in 2.5% (w/v) potassium dichromate solution and concentrated, and the sporozoites were excysted using standard techniques. 15 Sporozoites were separated from oocyst remnants by passing the mixture over a nylon fiber column. 8 Merozoites of E. bovis were harvested from the intestine of an experimentally infected calf and purified using a nylon fiber co1umn. 63 Enumeration of tachyzoites, sporozoites, and merozoites was conducted using a hemacytometer. 15
Production of MAb. Four 7-week-old female BALB/c mice were inoculated with tachyzoites, using procedures given in Table 1 . Procedures for fusing splenocytes and myeloma cells and for cloning and maintenance of hybridomas have been described previously. [12] [13] [14] The isotype of the MAb was determined using a commercially available kit. d Indirect immunofluorescent antibody test (IFAT). The IFAT used in this study was similar to that described previously. 12, 14 Tachyzoites of N. caninum were grown as described above, but without FBS. Tachyzoites were harvested and air dried onto multispot slides e (3 x 10 5 tachyzoites per spot) and stored at -20 C until used. Tachyzoites of T. gondii were prepared identically except that they were grown in medium containing 2% FBS. Slides containing excysted sporozoites of I. suis, E. bovis, or E. tenella and merozoites of E. bovis were prepared as described. Slides containing the above parasites were incubated with 30 µ1 of test hybridoma supernatant for 30 min and washed for 10 min in phosphatebuffered saline (PBS), pH 7.2. Slides were then incubated for 30 min in fluorescein isothiocyanate-conjugated goat antimouse IgG (heavy and light chains), IgA, and IgM f (1:500 in PBS) and washed again for 10 min in PBS. Glycerol (90% in PBS) was added to each of the slides, which were then coverslipped and examined with an epifluorescent microscope. Hybridoma cells producing antibodies specific for N. caninum were expanded and cloned twice by limiting dilution.
Immunohistochemistry. An avidin-biotin-peroxidase complex (ABPC) anti-mouse IgG kit g was utilized to detect binding of the MAb to tachyzoites and/or bradyzoites of N. caninum from natural and experimental infections in formalin-fixed, paraffin-embedded tissue sections from various host species. 52 Only MAbs that reacted to tachyzoites in the IFAT were examined for reactivity in the ABPC test. Deviations from that protocol included incubation of tissues with dilute horse serum to inhibit nonspecific binding and use of the undiluted MAb supernatant as the primary antibody. Antibody controls included a murine MAb of the same isotype generated against Pasteurella multocida and a murine MAb (IgGl) generated against T. gondii in our laboratory. In addition, supernatant from parent myeloma cells was tested for nonspecific reaction. Procedural controls included omission of primary antibody, biotinylated anti-mouse secondary antibody, or avidin-biotin reagents. To determine the effects of antigen demasking on MAb reactivity, tissue sections with tachyzoites and/or bradyzoites of N. caninum or T. gondii from natural and experimental infections were incubated in 0.1% (w/v) trypsin c in PBS (pH 7.8) at 37 C for 30 min prior to incubation with dilute horse serum and reaction with the MAb. Tissue sections from dogs experimentally infected with N. caninum in our laboratory and tissue sections from mice and cotton rats experimentally infected with T. gondii were employed as controls.
T a c h y z o i t e p r e p a r a t i o n Parasites in tissue sections. One MAb that reacted with N. caninum tachyzoites in the IFAT and ABPC test was tested against protozoan parasites in formalin-fixed paraffinembedded tissues from various hosts. Tissue sections of 6-8 µm from dogs, 6, 9, 22, 59, 66 cats, 34 rats, 55 aborted or congenitally infected calves, 5,30,40 a congenitally infected lamb, 25 an aborted foa1, 42 a bovine placenta, 67 and an aborted pygmy goat 20 that contained confirmed stages of N. caninum (based on caninum within neuron in the spinal cord of a naturally infected calf. C. Nonreactive tachyzoites (arrows) of Toxoplasma gondii in the lymph node of an experimentally infected pig. D. Nonreactive tissue cyst of T. gondii (arrow) in the brain of an experimentally infected cotton rat. E. Nonreactive meronts of Sarcocystis hirsuta in arteriole endothelium in a lymph node from an experimentally infected calf. F. Nonreactive macromerozoites (arrows) of Hepatazoon canis in a pyogranuloma in the skeletal muscle of a naturally infected dog. 
Results
Supernatant from 1 hybridoma reacted with tachyzoites of N. caninum in the IFAT. Bradyzoites were not available to be tested in the IFAT. After cloning, the MAb was designated 6G7 and was reacted with tachyzoites and bradyzoites of N. caninum in formalinfixed paraffin-embedded tissue sections in the ABPC test (Fig. lA, 1B) . The entire surface of N. caninum tachyzoites and surrounding parasitophorous vacuole membrane reacted homogeneously (Fig. 1 A) . Bradyzoites of N. caninum exhibited the same reaction pattern as the tachyzoites. Tissue cyst walls of N. caninum were also reactive in the ABPC. Although reaction of groups of tachyzoites and tissue cysts containing bradyzoites was homogeneous, individual zoites could be distinguished. Tissues from 6 different host species with N. caninum infections reacted positively using MAb Although structural and antigenic differences have 6G7. Tissues from 20 cases of confirmed neosporosis been reported between tissue cysts of N. caninum bowere examined for reactivity with MAb 6G7, with only vine and canine isolates, 5 results of the present tests 2 instances of inconsistent or nonreactivity. One vari-suggest that there are no antigenic differences. Howation in reactivity was noted in tissues from rats that ever, the study in which antigenic differences were rewere treated with methylprednisolone acetate prior to ported employed polyclonal rabbit anti-N. caninum and on the day of infection with tachyzoites of N. serum, which would recognize many more epitopes caninum. 33 Some groups of tachyzoites did not react than would an MAb. Although trypsinization had no or reacted weakly, whereas the remaining groups of effect in the present study, the effect of trypsinizing tachyzoites reacted strongly. A second variation was tissue sections cannot be ignored because a control was noted with tissues from a natural case of neosporosis not reported for this procedure in the earlier study. in a calf. 18 Parasites in the tissue sections from this calf Disadvantages of using polyclonal anti-N. caninum sedid not react with MAb 6G7. Cross-reactivity with the rum as the primary antibody include variations among other protozoans was not observed in either the IFAT different batches of serum, preexisting N. caninum inor ABPC test ( Fig. lC-F) . Trypsinization of tissues did fections in donor animals that without preimmune senot alter reactivity of MAb 6G7 in the immunohis-rum controls could cause misdiagnosis, and the prestochemical assay.
ence of shared epitopes among many protozoans.
Discussion
MAb 6G7 Tissues from 6 different host species (20 different cases) infected with N. caninum were examined via the ABPC test employing MAb 6G7. With 2 exceptions, no notable differences in reaction intensity were observed. Groups of tachyzoites in tissues from rats treated with methylprednisolone acetate reacted inconsistently with MAb 6G7. The second exception was noted in tissues from a calf in which parasites did not react with MAb 6G7 but were reported to react with polyclonal rabbit serum against N. caninum. Both of these inconsistencies could be due to improper fixation and loss of the reactive epitope.
